Fifteen young Holstein Friesian bulls (18 mo of age) were divided into three groups of five. All groups were fed a diet consisting of 60% concentrate and 40% roughage. The control (C) group received a mixture of dry meadow hay, dry lucerne and wheat straw as roughage. The second and third treatment groups were fed a similar mixture of roughage partially substituting wheat straw with wet sugar beet pulp (SBP) at levels of 4% and 8% on a dry matter (DM) basis, respectively. Dry matter intake and feed efficiency ratio (kg DM intake/kg weight gain) of the C group were significantly higher than those of the 4% SBP and 8% SBP groups. Slaughter and carcass traits indicated that there were no significant differences between dietary treatments. The inclusion of 8% SBP significantly improved panel ratings for tenderness, juiciness, beef flavour intensity and general acceptance, as well as number of chews before swallowing and the Warner Bratzler Shear value. Proximate analysis of the meat did not demonstrate differences between meat from the bulls fed C and the SBP diets. It was concluded that wheat straw could be replaced by 8% SBP in the finishing diet for young Holstein Friesian bulls in order to improve feed efficiency and sensory quality characteristics of their meat.
Introduction
Among factors contributing to the profitability of beef production, efficiency of feed utilization is undoubtedly the most important, since feed represents 75% or more of the total variable cost of animal production. Finishing diets for cattle in Turkey generally consist of forages (wheat straw or grass-or lucerne hay) and concentrates based on grains (carbohydrate sources) and sunflower meal and cotton seed meal (protein sources). Cattle producers in the country also use the by-products (wet sugar beet pulp and molasses) from the sugar industry in order to reduce feed costs. The sugar beet pulp (SBP) has great importance in beef cattle feeding programmes, since it has highly digestible fibre that may encourage the growth of the cellulolytic and hemicellulolytic microorganisms (Fluharty & Dehority, 1995) . This, in turn, can increase the extent of digestion of the dietary forage. The SBP also contains a relatively high available energy (total digestible nutrients [TDN] of 720 g/kg) content, and therefore could be used as a roughage source in finishing diets (Lardy & Anderson, 2003) .
Nutritional factors have significant influences on the structural and biochemical characteristics of carcass and on meat quality traits. The modification of ration composition and level of feeding can alter muscle characteristics at slaughter which can then affect the sensorial attributes of the meat (Geay et al., 2001) . As a result, using alternative feed sources aimed at increasing animal productivity and profitability is desirable only if meat quality and consumer acceptance are maintained.
The feeding value of the SBP with other forages has been evaluated in beef cattle by Rush & Pelt (1999) , Park et al. (2001) and Cuvelier et al. (2006) . Oflaz et al. (2005) studied growth, carcass and meat traits of young Karayaka rams fed sugar beet pulp that partially substituted grass hay as forage. However, comparable information about the finishing performance, and carcass and meat quality traits of young, dairy bulls fed diets where wet SBP partially substituted wheat straw is lacking. The present study was undertaken to investigate daily weight gain, feed efficiency, carcass and slaughter traits and organoleptic properties of meat from Holstein Friesian bulls fed diets where wheat straw was partially replaced by SBP.
Material and Methods
The study was carried out at the Eastern Anatolian Agricultural Research Institute, Erzurum, Turkey. Fifteen Holstein Friesian bulls (18 months old) were divided into three groups of five animals of similar body weights. The bulls were housed in a tethered stall barn containing individual pens furnished with feeders and automatic drinkers. All groups were offered a diet containing 60% concentrate and 40% roughage (as fed basis). The roughage consisted of a mixture of dry meadow hay including mixture of grasses, dry lucerne, wheat straw, and wet SBP. The concentrate was made up of barley, maize, wheat, wheat bran, cotton seed meal, sunflower seed meal and salt. The first group (control group = C) received a mixture of dry meadow hay, dry lucerne and wheat straw as roughage. The second and third treatment groups were fed a mixture of roughage in which SBP at levels of 4% and 8% on dry matter (DM) basis, respectively, partially substituted wheat straw in the diet (Table 1) . Hence, there were three experimental groups (C; 4% SBP, 8% SBP) in the study. The animals were fed individually and were adapted to the finishing diets over a period of two weeks. All bulls had ad libitum access to the concentrate and roughage mixture during the whole finishing period. The DM (AOAC, 1990; method 934.01), crude protein as Kjeldahl nitrogen (AOAC, 1995; method 990.03), ether extract (AOAC, 1990; method 920.39), ash (AOAC, 1990; method 9420.5) and acid detergent fibre (ADF) and neutral detergent fibre (NDF) (Tyznik, 1992) levels in the diet were determined (Table 2) .
After a 12 h fast by removing both feed and water, the bulls were weighed on two consecutive days at the beginning and end of the fattening period to determine average initial and final weights. The bulls were also weighed at 14-d intervals throughout the trial and amount of diet offered was adjusted based upon their live weights. Feed intake, daily weight gain and feed efficiency were calculated. Amount of feed offered to each bull was recorded and refusals were collected and weighed daily in order to determine feed intake. The trial lasted five months. All bulls were slaughtered at a commercial slaughterhouse. The head, hide, feet, liver, lungs, spleen, kidney and heart were removed and weighed. Hot carcass weights and carcass measurements (length, width © South African Society for Animal Science
The South African Journal of Animal Science is available online at http://www.sasas.co.za/sajas.asp 315 of round, length of round, width of round from medial side, and thoracic depth) were also obtained (Yener et al., 1988) . Dressing percentage was calculated as a ratio of hot carcass weight to the live weight obtained in the slaughterhouse. A carcass was split into halves before a chill period at 4 °C for 24 h. The carcasses were then cut at the 12 th and 13 th rib intersection and the depth of subcutaneous fat, the area (cm 2 ) of the longissimus dorsi (LD) and marbling score were determined at the cut site. The scale used for marbling evaluation ranged from 1 to 18 (1 = slight -, 2 = slight 0 , 3 = slight + , 4 = small -, 5 = small 0 , 6 = small + , 7 = modest -, 8 = modest 0 , 9 = modest + , 10 = moderate -, 11 = moderate 0 , 12 = moderate + , 13 = slightly abundant -, 14 = slightly abundant 0 , 15 = slightly abundant + , 16 = abundant -, 17 = abundant 0 , 18 = abundant + ). The weights of the kidneys, heart and pelvic fat were recorded and expressed as a proportion of carcass weight. All carcasses were evaluated for yield grade (a numerical value from 1 to 5 based upon the yield of boneless, closely trimmed retail cuts from the round, loin, rib and chuck of the beef carcass) and cutability (percentage of boneless, closely trimmed retail cuts from the round, loin, rib and chuck of the beef carcass) was predicted by using a mathematical equation (Boggs & Merkel, 1984) .
Meat samples were taken from the LD, quadriceps (Q) and gluteus medius (GM) muscles of the carcasses at 24 h post-mortem. The muscle portions were cut perpendicularly to the muscle fibres into two pieces for chemical and sensory analysis. The meat samples for organoleptic analysis were weighed, individually enclosed in water-impermeable, polyethylene bags, sealed and completely immersed in a water bath (90 °C) until the internal temperature of each sample reached 70 °C, as outlined by Yanar (1994) . Cooked samples were dried between layers of paper towels for 5 min to remove cooking drip. Cooking yield was determined by dividing cooked weight by uncooked weight. The cooked meat samples were cut into eight cubes (2 x 2 x 2 cm) and served to eight panel members, each with a cup of tap water to reduce carryover effects. Panel members have been trained in the sensory evaluation of meat. They were not informed about the research project. Panel members independently evaluated each sample for degree of tenderness, flavour intensity, juiciness, general acceptability and number of chews before swallowing. Scores, except for the number of chews, were obtained using a nine point hedonic scale (9 = extremely tender, 1 = extremely tough; 9 = extremely strong beef flavour, 1 = extremely weak flavour; 9 = extremely juicy, 1 = extremely dry; 9 = extremely high general acceptability, 1 = extremely low acceptability). For mechanical assessment of tenderness, cooked beef samples were cooled to 20 ºC and six cores were removed parallel to longitudinal orientation of muscle fibres for Warner-Bratzler Shear (WBS) force measurements. Raw beef samples from the LD, Q, and GM muscles were analysed according to Ockerman (1985) for moisture, crude protein, ash and ether extractable lipids.
Data were analyzed statistically using the general linear model procedure of the SPSS computer programme (SPSS, 2004, version 13.0, Chicago, USA) . The data on performance, slaughter, carcass traits and carcass measurements were analysed by a model that included the effect of diet. The chemical composition, sensory panel and cooking yield data were analysed statistically using a model that included the effect of diet and muscle. Diet and muscle interactions were excluded from the final model because they were not significant, according to a preliminary statistical analysis. The Duncan method was applied for comparison of subclass means when F-tests for main effects were significant. Correlations between panel rating scores and WBS value and number of chews before swallowing were also determined.
Results and Discussion
Although the final weight and daily and total weight gains of the 4% SBP-fed bulls were numerically greater than the C and 8% SBP groups (Table 3) , differences between the diet groups were not significant (P >0.05). Similar findings were reported by Cuvelier et al. (2006) who observed insignificant differences between SBP and cereal-fed, young beef bulls in terms of live weight gain and final weight.
In the present study, increasing the amount of SBP in the diet of the young bulls resulted in a decrease in DM intake (P <0.05) and an improved feed efficiency (P <0.05, Table 3 ). The C group consumed 16.2% and 27.1% more DM than 4% SBP and 8% SBP groups, respectively. This is in agreement with the results of Park et al. (2001) and Bauer et al. (2007) who reported that the addition of SBP in finishing diets of beef steers tended to decrease DM intake. Voelker & Allen (2003) suggested that stimulation of stretch receptors in the ruminal wall signalled satiety and was likely a predominant factor in decreasing DM intake due to added SBP. They also reported that water content of ruminal digesta increased when adding beet pulp to the diet. Therefore, ruminal digesta volume, weight and water holding capacity contributed to the limitation of DM intake by distension. Increased feed efficiency could have been due to improved DM and NDF digestibility when a more digestible fibre source, SBP, substituted the less digestible wheat straw. Hoffman et al. (2006) also reported that the NDF digestibility of SBP is twice as high as that of wheat straw.
Increasing the proportion of SBP in the diets of the dairy bulls by substituting wheat straw did not affect slaughter weight, carcass characteristics or proportions of non-carcass components significantly (P >0.05, Table 4 ). Yield grade and cutability values were also not adversely affected by the inclusion of SBP in the diets. Similar effects of SBP in finishing rations of beef bulls were reported by Marsh et al. (2001) and Cuvalier et al. (2006) . Park et al. (2001) observed that hot carcass weights, LD areas, yield grade and cutability values of beef steers in the control, 8.5% SBP, and 12.5% SBP groups did not differ significantly. There were also insignificant differences in fat thickness over the LD, marbling score and percentage of the kidney, heart and pelvic fat (KPH %) as a result of an increased level of beet pulp in the diets of beef cattle (Bauer et al., 2007) . In the present study marbling scores were also not affected by dietary treatment (Table 4) .
Increasing the amount of SBP in the finishing diets did not have an adverse effect on carcass length, width of round, length of round, width of round from medial side or thoracic depth ( Table 5 ). The carcass measurements were within the normal range for Holstein Friesian bulls fattened in Europe (Keane, 2003) . Similarly, there were no significant differences in the carcass DM, fat, ash and protein levels between the dietary treatment groups ( Table 6) . Type of muscle, however, affected percentage of DM (P < 0.05) and fat (P <0.01) content. The fat content of the LD muscle was significantly higher than that of the GM muscle. This result is in accordance with the findings of Ozluturk et al. (2004) . In general, the chemical composition of the carcasses was within the ranges recorded by Gariepy et al. (1999) and Unlu et al. (2008) .
Consumer evaluation of palatability is an important assessment of beef quality. The most significant criteria are juiciness, tenderness, flavour intensity and general acceptability. Tenderness is one of the most important sensory attributes by which consumers judge meat quality (Stolowski et al., 2006) . Although this criterion strongly depends upon post-mortem treatments such as aging and cooling, adjustments in nutritional factors may be used as in vivo strategies to optimise beef quality (Sami et al., 2006) . The results of the present study revealed that meat from carcasses of the animals fed diets containing 8% SBP received higher ratings (P <0.01) for panel tenderness score and lower WBS value and number of chews before swallowing than both the C and 4% SBP groups (P <0.01, Table 7 ). The inclusion of wet SBP in the diet also increased panel juiciness scores (P <0.01). Additionally, beef flavour intensity and general acceptability scores of the 8% of SBP fed group were higher than in the other treatment groups (P <0.01). Combining all treatment groups, important variations in panel tenderness (P <0.05), juiciness, flavour intensity and general acceptability (P <0.01) were consistent between muscles (Table 7) . Longissimus dorsi had higher sensory panel ratings for tenderness, flavour intensity, juiciness, and general acceptability than the Q muscle. This result is in accordance with findings of Jurie et al. (2007) . The tenderness of the three muscles was also evaluated by WBS value and number of chews before swallowing. The values for LD were better than those for muscles from round, but the differences were not statistically significant. .3 A ± 0.5 10.2 A ± 0.6 6.7 B ± 0.5 8.5 ± 0.5 9.4 ± 0.5 10.3 ± 0.5 Cooking yield 69.6 ± 1.9 72.8 ± 2.1 75.6 ± 1.9 77.2 a ± 1.9 70.7 b ± 1.9 70.2 b ± 1.9 a, b, c Within diets or muscles, value differences within rows with different superscripts differ significantly at P <0.05; A, B, C Within diets or muscles, value differences within rows with different superscripts differ significantly at P <0.01. SBP -Sugar beet pulp; NCBS -Number of chews before swallowing; WBS -Warner Bratzler Shear score. LD -Longissimus dorsi, GM -gluteus medius and Q -quadriceps muscles.
Significant correlations (P <0.01) for panel tenderness score (r = -0.709) and number of chews before swallowing (r = 0.649) with WBS value demonstrated that data from mechanical (objective) and organoleptic assessments of tenderness (subjective) were in agreement. Panel juiciness score was closely related with WBS force value (r = -0.578), tenderness score (r = 0.774), number of chews before swallowing (r = -0.576) and acceptability score (r = 0.790). Panel juiciness score had a significant correlation with flavour intensity (r = 0.704). Overall correlations revealed that panel tenderness, general acceptance and flavour intensity scores were mostly related to moisture content of meat and are in agreement with the findings of May et al. (1992) and Ozluturk et al. (2004) .
Conclusion
The present study demonstrated that feed efficiency and sensory attributes of beef from Holstein bulls fed 8% SBP were significantly improved over those of bulls fed no SBP. Carcass and slaughter traits as well as chemical composition of meat were not influenced adversely by the addition of SBP to the bulls' diet. Our data suggested that wheat straw in the finishing diet of dairy bulls could be replaced by 8% of SBP which is both environmentally sound and an economically advantageous feed.
